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Chariots of Freedom: Wheeled Mobility at Regency 
Park Centre for Yoyng Disabled, Soyth Australia 
This paper concerns wheeled mobility aids, or 
'Chariots of Freedom'. Wheelchairs are the 
most commonly used wheeled mobility aids. 
The rationale for mobility management at 
Regency Park Centre for Young Disabled is 
based on the research findings of others, 
research at the Centre into seating for children 
with cerebral palsy and children with Duchenne 
muscular dystrophy, and our development of a 
Skill Evaluator and Trainer, and a crashworthy 
restraint for wheelchair occupants in motor 
vehicles. In summary, wheeled mobility aids, 
and wheelchairs in particular, while entailing 
responsibilities, present a form of liberation 
from dependence for disabled children. 
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Physiotherapists are concerned with 
mobility, which traditionally has 
meant great emphasis on teaching peo-
ple to walk, with aids if necessary. 
This paper concerns wheeled mobility 
aids, or 'Chariots of Freedom': free-
dom from dependence on other people 
for mobility, freedom to participate 
in work and recreation, freedom to 
move out into the community and to 
communicate and interact with other 
people. 
For the infant and young child, 
therapists instruct in how to help the 
child attain various motor milestones, 
suggest ways of handling the child at 
home and provide ongoing analysis of 
the motor problem and of the total 
child (Bleck 1982). However, as the 
child gets older, the therapist who sees 
the patient once a week for one hour, 
or even once every day, acts as an 
analyser of the defect. She suggests 
ways of compensating for the defect 
through the use of equipment, tools 
and clothing, and instructs the patient, 
family and school staff on positioning 
for play and exercises. Bleck reports 
a number of experiences which suggest 
that passive physical therapy in the 
older school-age child is generally use-
less and says that instead, therapists 
should design programmes for func-
tion, fun and sports that improve the 
child's mobility, independence and so-
cial integration. 
The factors that accounted for in-
dependence and efficiency in 85 se-
verely involved cerebral palsied chil-
dren were studied (Bleck 1982). All 
had reached the age of 16 years at the 
time of the study. This study found 
that goals for achieving optimum adult 
independence and efficiency in their 
three major needs — communication, 
activities of daily living and mobility 
— were consistently met with the help 
of technical aids and adaptive equip-
ment that were selected by a team of 
physicians and therapists in conjunc-
tion with orthotists and specialists in 
rehabilitation engineering. They found 
that reasonable goals for function 
(including mobility) could be set as 
early as 4 years of age in cerebral 
palsied children. Prognosis of future 
ambulation in cerebral palsied children 
has also been studied. Findings indi-
cate that sitting by 24 months or earlier 
has a virtually absolute correlation 
with ambulation in diplegic, quadri-
paretic, athetoid, and spastic-athetoid 
cerebral palsy. Lack of sitting by 4 
years excludes the potential for walk-
ing with almost the same degree of 
predictive reliability (Molnar 1979). 
Similarly, goals for functional ambu-
lation in children with spina bifida 
can be determined by whether the 
lesion is above or below L4 and, to a 
lesser extent, by other factors such as 
obesity and musculoskeletal deformity 
(Asher and Olson 1983). 
In the light of this research, there 
seems to have been a quiet revolution 
at the Regency Park Centre for Young 
Disabled. We have come to realize 
that therapy is not a magical method 
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for overcoming permanent disorders. 
We have become better prognostica-
t e s and, whilst not denying children 
traditional therapy, we encourage 
them to maximize their potential for 
mobility. This has often meant pro-
vision of a wheelchair or mobility 
device for some part of the day at a 
much earlier age. It must always be 
remembered that the disabled child 
will become a disabled adult. The 
provision of mobility training and aids 
should steer them towards a future in 
which they can live, work and play as 
independently as possible in the com-
munity. 
Wheeled Mobility 
There are various wheeled mobility 
devices for disabled people (Seeger 
1982). Modified tricycles, hand pro-
pelled tricycles, ro-cars, and castor 
carts are well known. Standing frames 
can be built with large wheels so that 
children can propel themselves around 
the classroom and between classes. 
Motorized castor carts can provide 
children as young as three years of 
age, who have weak arms and legs, 
with independent powered mobility 
(Figure 1). 
However, the most commonly used 
wheeled mobility aid, and the univer-
sally recognized symbol of disabled 
people, is the wheelchair. The most 
desirable features in a wheelchair have 
been listed as comfort, safety, dura-
bility, manoeuvrability and low pro-
pulsion effort. These features are even 
harder to find in children's wheel-
chairs. There are indicators that wheel-
chairs are often not the source of 
support, control or mobility that the 
user had hoped for (Nitz and Bullock 
1983). 
Our policy with wheelchairs is to 
purchase a few varieties, hold a stock 
of spare parts for them, and modify 
them where necessary to suit the needs 
of individual patients for special seat-
ing or a special controller. 
The choice of wheelchair purchased 
is decided by price, proven durability, 
availability of parts and service, light-
ness and ease of operation. We are 
very fortunate that a local wheelchair 
manufacturer will come to the Centre 
and, together with the therapists, take 
measurements so that a wheelchair can 
be custom built for a particular child. 
A child in a wheelchair takes up a lot 
of personal space and the wheelchair 
should not occupy any more space 
than necessary. The child should be 
the focal point, not the wheelchair: it 
must not appear as a rolling machine 
enveloping a person. 
The chair must also be an efficient 
means of locomotion /e produce mo-
bility for the user whilst he or she 
expends the minimum amount of en-
ergy. Features which may require the 
user to expend more energy include 
poor body support, inappropriate po-
sitioning of the drive wheels, inacces-
sible or inefficient brakes and the 
weight of the wheelchair (Nitz and 
Bullock 1983). At the Centre we are 
using lighter manual wheelchairs based 
on the designs of the wheelchairs used 
by adult paraplegics for sports and 
recreation. The back is lower and the 
seat angled back so that the occupant 
can reach the larger rear wheels more 
easily. 
This positioning and the greater 
diameter of the wheels allows a greater 
distance to be travelled for each push. 
Large pneumatic castor wheels at the 
front give a smoother ride. The child 
wears a lap belt for safety and there 
are no armrests. However, removable 
trays are provided for school work 
and for some activities of daily living, 
Figure t: Powered master e&rt in use. 
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and these trays can also function as 
armrests. Young children can have 
adjustable handles at the back so that 
an adult can assist for long distances, 
but every effort is made to improve 
their strength and endurance as early 
as possible. Very young children are 
not put in wheelchairs all day, but 
they do begin to practice wheelchair 
skills in a functional way by getting 
back to class after therapy sessions 
and in physical education lessons with 
fun and games. 
Wheelchair Seating 
Inappropriate seating can be a prob-
lem for physically disabled children 
and normal children alike. There will 
be problems with comfort and poor 
posture if the seat is too narrow, too 
wide, too shallow or too deep, or if 
the back rest is too high or too low, 
if the armrests are too high or too 
low, or if the footrests are too high 
or too low. It really is just like The 
Three Bears: too hot, too cold, 
. . . aah, just right. 
If the primary seating aim is to 
obtain adequate pressure distribution 
under the buttocks, a number of com-
mercially available cushions can be 
effective in distributing pressure. 
Wheelchair cushion prescription strat-
egies have been developed with indi-
cations for specific types of patients 
(Krouskop et al 1983). 
When the seating problem is incor-
rect posture, the choice is either to 
make a posture supporting seat spe-
cifically for the individual or to fit a 
preformed standard posture support-
ing seat (Seeger 1982). 
Cerebral Palsy 
The major functions of a wheelchair 
are to provide mobility, support and 
a secure position for activities of daily 
living. Many of our cerebral palsied 
children use a wheelchair, and provid-
ing appropriate seating for them is an 
important part of our work. 
A number of guidelines can be 
found in the literature for seating 
cerebral palsied children with extensor 
spasticity (Motloch 1977). For in-
stance, it is claimed that the shoulders 
should be rounded, the thighs should 
be abducted using a pommel if nec-
essary, the head should be directly 
above the shoulders, the lower back 
should be rounded, the knees and 
ankles should be flexed to 90° and, of 
particular importance, the hips should 
be flexed 10° to 30° above horizontal. 
With this special positioning, abnor-
mal reflex patterns are said to be 
inhibited and the child is able to 
achieve optimal hand function. How-
ever, objective evidence in support of 
these seating guidelines is lacking. 
A study was conducted of one sub-
ject using peg-placing as a simple task 
which permitted measurement of man-
ual speed and accuracy over repeated 
test trials (Seeger, Falkner and Cau-
drey 1982). When the seat flexion 
angle was varied between 70° and 110° 
with the hips and chest strapped to 
the seat, and the knees and ankles at 
90°, we observed no statistically sig-
nificant difference in the mean peg-
placing time. From the seating guide-
lines we would have expected the peg 
placing time at 70° to have been 
significantly faster than at 110°. 
We have subsequently conducted a 
study using our Skill Evaluator and 
Trainer (Seeger and Walker 1983) to 
assess hand function at a range of 
seat angles with 9 subjects (Seeger, 
Caudrey and O'Mara, in press). The 
results showed no significant differ-
ences in performance at any seat angle. 
However, seat angles 70° and 80° 
(10° and 20° above horizontal) were 
least often described as uncomforta-
ble. The significance of these results 
is that contrary to current belief, 
increasing hip flexion angle in seating 
for a child with cerebral palsy and 
extensor spasticity appears to have no 
effect on hand function. The value of 
increasing hip flexion may be in other 
areas, such as better restraint for the 
child in the seat. 
Duchenne Muscular Dystrophy 
Before the boys with Duchenne 
muscular dystrophy go off their feet, 
they use a manual wheelchair for 
outings and for long distances around 
the centre so they can keep up with 
their class. When functional walking 
ceases, even if they continue to walk 
as a therapy exercise, the boys are 
immediately provided with an electric 
wheelchair so they still have independ-
ent mobility. Twenty-four of the 27 
boys with Duchenne muscular dystro-
phy at this Centre have electric wheel-
chairs. 
It appears that the loss of ambula-
tion is easier for the boys to bear 
when they have an electrically-powered 
wheelchair. A functional loss has been 
acknowledged, but at the same time a 
way of overcoming that loss has been 
provided. The electric wheelchair gives 
them speed, greater range of mobility 
and the power to act out anger over 
this loss of function (Little and Seeger 
1983). Previous work has demon-
strated that spinal supports do not 
prevent the development of spinal 
curvature in Duchenne muscular dys-
trophy (Seeger, Sutherland and Clark 
1984). This finding tends to support 
the present trend toward dealing with 
the problem through early spinal 
fusion using newer techniques such as 
segmental spinal instrumentation. If 
the spinal curvature can be safely 
controlled surgically, then the empha-
sis in wheelchair design can be com-
fort, appearance and maximum func-
tion. 
The Electric Wheelchair 
During the International Year of 
Disabled Persons, the United States 
Department of Health and Human 
Services outlined 5 basic rights for 
disabled people: 
1) freedom to life 
2) freedom to learn 
3) freedom of movement 
4) freedom to work 
5) freedom for independent living 
(Breed and Ibler 1982). 
Perhaps no single piece of equip-
ment makes a greater contribution to 
implementing these freedoms than the 
electric wheelchair. There are 83 elec-
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trie wheelchairs now in use at the 
Regency Park Centre. 
The decision to prescribe an electric 
wheelchair is made by a multi-disci-
plinary team consisting of an ortho-
paedic surgeon, paediatrician, phy-
s i o t h e r a p i s t a n d s o m e t i m e s 
rehabilitation engineering staff, in 
consultation with parents. Those who 
care for severely disabled children 
must make an early and realistic prog-
nosis of their ambulatory ability. If 
they will be incapable of effective self 
propelled mobility, an electric wheel-
chair should be considered. Before 
purchasing an electric wheelchair it is 
necessary to review a number of indi-
vidual factors for each patient: level 
of intellectual function, physical lim-
itations, visual problems, as well as 
the funding available for purchase and 
maintenance of the wheelchair. Most 
electric wheelchairs are purchased on 
the Program of Aids for Disabled 
People (P.A.D.P.) scheme, some are 
donated by service clubs and a few 
are bought as the result of compen-
sation cases. 
After guarantees and warranties 
have expired, most of the maintenance 
is provided by the Rehabilitation En-
gineering Department and funded by 
the Crippled Children's Association. 
It is interesting to note that heavy 
duty batteries which are reported to 
last up to two years in electric wheel-
chairs used in an adult nursing home, 
last approximately 6-8 months with 
our students. As a rule, children are 
more physically active than adults. 
They use up battery energy much 
faster and they need freshly charged 
batteries for their competitive games. 
It is important to consider the en-
vironment in which an electric wheel-
chair is to be used, the type of home 
in which the child lives, and access to 
the family car. The Centre's buses are 
equipped with powered hoists but very 
few other vehicles have the modifica-
tions necessary to allow an electric 
wheelchair to be transported. There 
are wheelchairs in use at this Centre 
that are very durable and stand up to 
the heavy battering the boys give them 
but are unsuitable in small private 
homes because of their size. 
The wheelchair user's safety de-
pends on good design, sound construc-
tion, proper maintenance of the wheel-
chair, the individual's ability to use 
the wheelchair safely, and the educa-
tion of the public (Breed and Ibler 
1982). 
Legal Status in South Australia 
Electric wheelchairs are by legal 
definition, motor vehicles, so they are 
required to be used on the roadway. 
The public accepts them on footpaths 
but should the wheelchair be involved 
in a collision with a car backing out 
of a driveway, a child or an elderly 
person, the person in the wheelchair 
is legally at fault. Students who wish 
to drive an electric wheelchair undergo 
testing by an officer of the Motor 
Registration Division. Those over 10 
years of age are issued with a class 1 
licence endorsed 'restricted to wheel-
chairs only' and those under 10 years 
of age have their class 1 licences 
endorsed with the wording 'valid for 
motorized wheelchairs whilst under 
adult supervision'. Electric wheelchair 
owners are exempted from motor ve-
hicle registration. Each wheelchair 
user at the centre is now covered by 
a State Government Insurance Cor-
poration policy for third party dam-
age, ie if the student injures someone. 
Parents are advised to take out a 
policy for property damage, ie if the 
student damages someone's property. 
Evaluation and Training of 
Control Skills 
For those students who cannot use 
the commercially available controls on 
electric wheelchairs, we can design new 
controllers or locate the existing one 
in a more accessible position. Most 
electric wheelchairs are supplied with 
proportional controls, which means 
the further you push the joystick in 
any direction, the faster it goes in that 
direction. This is usually better than 
the on/off control which may cause 
sudden jerks, thereby initiating startle 
reactions in children with cerebral 
palsy, and loss of head balance in 
children with muscular dystrophy. 
There are now a large number of 
alternative switches, joysticks and 
other interfaces available. Alternative 
controllers are particularly valuable 
for disabled people who are unable to 
use normal controls and need, for 
Figure 2: Skill Evaluator and Trainer (SET) with proportional joystick connected 
and optional printer attached. 
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example, a chin control in order to 
drive an electric wheelchair. Other 
possible control sites are the knees, 
feet, head and shoulders. 
We have developed and now market 
a Skill Evaluator and Trainer (SET) 
(Figure 2) in order to assist in the 
selection of the optimum controller 
and control site for a disabled person 
to operate assistive devices such as 
electric wheelchairs. 
In using the SET, the tester chooses 
an interface and mounts it at an 
appropriate control site for the sub-
ject. A stimulus of red lights appears 
on the screen. The subject's task is to 
manipulate the interface so as to match 
the position of the yellow lights under 
his control with the position of the 
red lights as quickly and accurately as 
possible. In this way, alternative con-
trollers and control sites can be tried 
in what is equivalent to an airline 
pilot's flight simulator, before having 
to face the trauma of operating an 
electric wheelchair for the first time, 
and before committing themselves to 
the purchase of a device which they 
may not be able to use. The authors 
think it is very exciting that we now 
have a tool which objectively tells us 
which is the best interface and control 
site to enable an individual to operate 
a particular assistive device. The SET 
has also been successfully used as a 
training device to improve control in 
people originally assessed on the SET 
to have only marginal ability to control 
an electric wheelchair (Seeger and 
Caudrey 1984, Seeger, Caudrey and 
McAllister, in press). The SET has 
been designed to be easy for therapists 
to use, and we have taken the trouble 
to produce an operating manual for 
it (Seeger, Caudrey, McAllister and 
Walker 1984). 
CrasfiwortEiy Restraint in 
Motor Vehicles 
As a result of a visit in 1981 by Dr. 
C. McLaurin, Rehabilitation Engi-
neer, University of Virginia, we be-
came aware that methods of securing 
wheelchairs in motor vehicles usually 
proved inadequate in the event of a 
collision (Schneider et al 1979). The 
usual method of securing wheelchairs 
in buses at this and other centres is 
to bolt or screw bars to the side of 
the bus: leather straps are then used 
to tie the wheelchairs to the bars 
(Seeger and Caudrey 1983). 
Our sled testing of wheelchair se~ 
curements in simulated collisions has 
taught us a number of lessons: firstly, 
sideways facing is too dangerous; sec-
ondly, the strength of most wheelchair 
securements is inadequate — leather 
straps are not strong enough; thirdly, 
the occupant is usually inadequately 
secured to the wheelchair. The other 
common method of fastening wheel-
chairs in motor vehicles is by means 
of a clamp-down system. A pod is 
fastened to the floor of the bus and 
a stem fits into it, A clamp attached 
to the stem then fastens down to the 
wheelchair frame. In our simulated 
collision, this type of restraint also 
failed. Another problem with this type 
of restraint is that it is purely a 
wheelchair restraint and does not ad-
dress the problem of how the occupant 
is secured in the wheelchair. 
It is important to grasp the magni-
tude of the forces involved in these 
collisions. For a very short space of 
time, say one tenth of a second, the 
occupant is being thrust forward with 
a force of up to 25 times his own 
body weight, so any thought of throw-
ing your arms behind the wheelchair 
to stop yourself would be ineffective. 
Since there was no crashworthy 
wheelchair and occupant securement 
system available, we collaborated with 
Professor Luxton of Adelaide Univer-
sity Mechanical Engineering Depart-
ment and Rainsfords Metal Products 
Pty. Ltd. to develop such a system 
(Figure 3). It consists of webbing 
straps at the front and rear of the 
wheelchair and a webbing lap belt 
(Seeger 1983, Seeger and Luxton 
^ J f 
Figure 3: Crashworthy Wheelchair and Occupant Restraint System now available 
from Safe N Sound Pty. Ltd. Seatbelt webbing is looped around the front 
uprights of the wheelchair. Brackets bolted to the rear uprights secure the rear 
restraints and the occupant's lap belt. 
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1984). Our work in designing, testing 
and developing this restraint system 
was recently awarded the annual de-
sign prize of the South Australian 
Division of the Society of Automotive 
Engineers. The new system is currently 
being installed in all of this Centre's 
buses. We are now developing a Code 
of Practice and contributing to the 
development of an Australian Stand-
ard for the safe carriage of wheelchair 
occupants in motor vehicles. We hope 
this will form the basis of legislation 
which will require people in wheel-
chairs to be transported more safely. 
Summary and Discussion 
The provision of wheeled mobility 
aids, and in particular wheelchairs, 
represents increased independence for 
the physically disabled child, but it 
also requires that responsibilities be 
learned. After the initial prescription 
of the aid, which should closely answer 
the child's needs, he must be taught 
to use it efficiently, safely and legally. 
In the future, the Rehabilitation 
Engineering Department, in conjunc-
tion with the Therapists at the Centre, 
will continue to meet the priority needs 
of disabled children. As one of these 
is mobility, it is expected that the use 
of wheelchairs will increase and that 
there will be greater demands for 
improved access to the community. 
To supplement the short-range mo-
bility wheelchairs provide, there is a 
need to integrate with motor vehicles 
for mobility around the community at 
large. There are cars specifically de-
signed to transport a person in a 
wheelchair in comfort, with an all 
round view. Vehicles which can be 
driven from a wheelchair are com-
mercially available or in the prototype 
stage in the United States, the United 
Kingdom and the Regency Park Com-
munity College, South Australia. 
A report of a workshop on wheel-
chairs (Wheelchair III, 1982) con-
cluded that recent advances in sports 
wheelchair design had not reached the 
majority of wheelchair users, and that 
existing electric wheelchairs did not 
exhibit adequately high performance. 
We can therefore anticipate improve-
ments in both manual and electric 
wheelchairs. By keeping abreast of 
developments elsewhere and carrying 
our research projects at this Centre, 
we will continue to provide answers 
to meet the needs of physically dis-
abled people to have independence 
through mobility. Walking is only one 
way of achieving mobility. Some lat-
eral thinking is required. Instead of 
saying someone is confined to a wheel-
chair, we could learn to say he has a 
'chariot of freedom'. 
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